We determined the feeding rates, trophic effect, and growth efficiencies of natural assemblages of metazoan microplankton from a coastal site in the northwest (NW) Mediterranean over a seasonal cycle in laboratory incubations. Micrometazoans, i.e., multicellular heterotrophic plankters between 20 and 200 mm, were mainly constituted by invertebrate larval stages. Copepod nauplii and copepodites dominated the community, except in April, when polychaete larvae dominated. We analyzed the grazing pressure of micrometazoans on chlorophyll a (Chl a; total and . 10 mm), nanoflagellates, phototrophic nanoflagellates, dinoflagellates, diatoms, and ciliates. Micrometazoans grazed on all the prey groups, with carbon-specific ingestion rates ranging from 0.31 to 1.24 d 21 . The gross growth efficiencies for the entire metazoan microplankton community, calculated as the slope of the linear regression relating specific growth rates vs. specific ingestion rates, varied between 0.27 and 0.39. The respiratory carbon losses of micrometazoans depended on temperature and ranged from 0.16 to 0.36 d 21 , with a Q 10 5 2. The average net growth efficiency, 0.41, was independent of temperature and food availability. Overall micrometazoans have higher specific growth rates than, but similar food conversion efficiencies to, mesozooplankton. The grazing effect on the standing stock of the different prey was , 1% d 21 for Chl a (total and . 10 mm) and , 2.5% d 21 for the other studied prey, which seems insufficient to exert relevant control on phytoplankton and protozoan dynamics. The inclusion of micrometazoans did not change appreciably our current view of the role of metazooplankton in marine trophic webs of NW Mediterranean coastal waters.
Historically, research on zooplankton has focused on the study of the large size fractions (. 200 mm, mesozooplankton; Sieburth et al. 1978) , whereas the smaller zooplankters (, 200 mm) have received less attention (Paffenhö fer 1998; Gallienne and Robins 2001; Turner 2004 ). It was not until the establishment of the dilution technique in 1982 (Landry and Hassett 1982) that the role of microzooplankton sensu lato was acknowledged, and nowadays, there is little doubt microzooplankton occupy a key position in marine food webs as major consumers of primary production (Calbet and Landry 2004) , and as an important link between low and high trophic levels of the food web (Calbet and Saiz 2005) .
The grazing activity of microzooplankton on primary producers as assessed by the dilution technique (Landry and Hassett 1982) provides an estimation of the trophic effect of the entire microzooplankton community (both metazoans and protozoans), but cannot assess the relative contribution of its different components. Although protozoans dominate the microzooplankton, small metazoans, represented mainly by copepod nauplii, copepodites, rotifers, and meroplanktonic larvae, may become important contributors to the microzooplankton (Beers and Stewart 1970; Paffenhö fer 1998) . The metazoan microplankton are composed mostly of invertebrate developmental stages whose dynamics are crucial to determine the success of adult populations, and constitute a fundamental trophic link for the recruitment of commercially important fish species (Castonguay et al. 2008) . Despite their relevance, these small planktonic metazoans have been underrepresented in oceanographic studies because of the common use of . 200-mm mesh nets for metazooplankton sampling (Calbet et al. 2001; Gallienne and Robins 2001) . However, recent investigations have documented the importance of micrometazoans in terms of abundance, biomass, and production in marine environments (Hopcroft et al. 2001; Turner 2004; Zervoudaki et al. 2007 ). Metazoan microplankton may feed efficiently on a wide range of prey sizes, from nano-to microzooplankton (Uye and Kasahara 1983) and their specific ingestion rates can be three to four times higher than those of mesozooplankton organisms (White and Roman 1992; Saiz and Calbet 2007) . Therefore, these small metazoans may be important intermediaries between the classical and microbial food webs because of their small size, high abundance, and ability to feed on small particles (Berggreen 1988; Turner and Roff 1993) . Data on metazoan microplankton feeding on natural communities are scarce (White and Roman 1992; Merrell and Stoecker 1998; Calbet et al. 2009 ) and most of the experimental studies of micrometazoan feeding (both in oligotrophic and in more productive waters) seldom address the trophic effect of the whole metazoan microplankton community. The majority of studies include single predator species feeding on laboratory-cultured phytoplankton (Berggreen et al. 1988; Almeda et al. 2009 Almeda et al. , 2010b , thus precluding a rigorous extrapolation of the data obtained to natural conditions and the correct evaluation of the importance of metazoans in marine food webs.
In the present study we examined the trophic role of metazoan microplankton in meso-oligotrophic coastal waters along an annual cycle. The specific objectives of the study were (1) to quantify the metazoan microplankton abundance and composition in northwest (NW) Mediterranean coastal waters along an annual cycle, (2) to determine the feeding rates and trophic effect of the metazoan microplankton community under different trophic conditions, and (3) to assess the carbon budget of the metazoan microplankton community in different seasons.
Methods
Field sampling-We conducted monthly experiments throughout an annual cycle, from September 2005 to September 2006, the samples being collected at a coastal station in the NW Mediterranean (1.5 km off Barcelona, 40-m water-column depth). The water for the experiments was collected at 5-m depth with 15-liter transparent hydrographic bottles, gently transferred to 40-liter carboys, and transported to the laboratory within 2 h of collection. We measured the light intensity at the depth of water collection with a LI-COR radiation sensor (LI-193SA spherical quantum sensor), and the salinity and the temperature with an YSI 30 portable salinity and temperature meter.
The samples for metazooplankton abundance and composition assessment were obtained by vertical tows from near the bottom (, 38 m) to the surface using a microplankton net (50-mm mesh, 36-cm diameter). After the plankton net was washed, the contents of the cod end sample were entirely poured into a 500-mL plastic bottle and preserved in borax-buffered formaldehyde at 4% final concentration.
The zooplankton for feeding experiments were collected by slow-speed vertical tows using the same plankton net as for the abundance quantification, but using a 10-liter plastic bag as non-filtering cod end in order to minimize the capture stress and to avoid physical damage of the organisms. Once onboard, the plastic bags containing the samples were tied without trapping air to avoid organisms sticking to the air-water interface, and kept in an isothermal container previously filled with water at in situ temperature until our return to the laboratory.
Experimental design-We analyzed the grazing pressure of micrometazoans on phytoplankton (Chl a) and on the main components of the microbial planktonic community. The experiments consisted of 24-h incubations of natural seawater with added concentrated metazoan microplankton (50-200 mm) as grazers. Once in the laboratory, natural water was siphoned into a 50-liter bucket, mixed carefully, and transferred sequentially using silicon tubing into acidwashed 2.3-liter polycarbonate bottles. Zooplankton samples collected for experiments were carefully poured into a container. The concentrate of plankton of size ranging from 50 to 200 mm, composed mainly of micrometazoans, was obtained by first reverse-filtration screening though a 200-mm-mesh sieve, and then removing the , 50-mm fraction (Fig. 1) . Aliquots of this concentrate were then added to produce a concentration gradient in 2.3-liter bottles of the whole (unfiltered) seawater (Table 1) . We added three different concentrations of the metazoan microzooplankton concentrate to sets of four bottles (two initial and two experimental), and we also prepared a set of four extra bottles without predators (two initial and two control). To avoid nutrient enrichment effects due to zooplankton excretion in the grazing bottles, the experimental water was amended with a nutrient mixture (15 mmol L 21 NH 4 Cl and 1 mmol L 21 Na 2 HPO 4 ). From each initial bottle we took subsamples to determine the Chl a concentration (total Chl a and Chl a . 10 mm) and the abundance of the different components of the microbial community (see Sample processing and calculations). We should note here that each experimental concentration had its own initials to account for the remains of phytoplankton 40  81  162  Oct 05  515  1030  2061  Nov 05  107  213  426  Jan 06  227  454  908  Mar 06  --4750  Apr 06  511  1022  2043  May 06  267  534  1068  Jun 06  417  835  1670  Jul 06  941  1883  3765  Aug 06  534  1068  2136  Sep 06 197 395 790 and protozoans within the 50-200 mm size fractions. The prey concentrations in the experimental bottles were in the same order of magnitude than in situ conditions, except in March 2006 when it was one order of magnitude higher.
All bottles (except initials) were incubated at in situ temperature in a large (600-liter) outdoor incubator with open-circuit water running from the coastal seawater intake at the Institut de Ciències del Mar, Barcelona, Spain. Natural sunlight was dimmed with appropriate neutral plastic mesh to mimic the light intensity at 5-m depth, usually between 33% and 50% of the irradiance at the surface. To minimize the settling of algae, and to ensure the homogeneity of the light conditions, we gently mixed the bottles by repeatedly turning them upside down and moving them around the incubator ca. three times per day. After the incubation time (24 h), we took subsamples to determine changes in prey abundance, and for the experimental bottles we took an additional 1-liter sample to determine the abundance, biomass, and growth rates of micrometazoans during the incubation.
In some of the samplings respiration rates of micrometazoans were measured in parallel following the classical incubation method (Omori and Ikeda 1984) . Each experiment consisted of three to six initial and final bottles with the metazoan microplankton community concentrate (experimental bottles) and three to six initial and control bottles only with the fraction , 50 mm (Fig. 1) . The incubations were conducted in 65-mL Winkler bottles for , 20 h. The biomass of micrometazoans in the experimental bottles ranged from 47 to 174 mg C bottle 21 depending on the experiment. The bottles were covered with aluminum foil (dark conditions) and placed in the same incubator as the feeding experiment bottles.
Sample processing and calculations-For the estimation of metazoan microplankton abundance and composition, net samples were divided into two nominal size fractions (50-200 mm, . 200 mm) by filtering through a 200-mm sieve. Two aliquots per fraction (at least 350 organisms per aliquot) were counted under a stereomicroscope. For biomass determination, the body length of at least 50 organisms randomly chosen was measured on digital pictures made under a microscope (3100) using image analysis software (ImageJH). The individual carbon weight was calculated by applying body size-carbon content relationships from the literature ( Table 2 ).
The concentrations of total and . 10-mm Chl a were determined by filtering from 75 to 300 mL and from 100 to 500 mL of water through GF/F Whatman and 10-mm pore size polycarbonate Nuclepore filters, respectively. The filters were frozen at 280uC and later analyzed fluorimetrically after acetone extraction before and after acidification according to Parsons et al. (1984) .
The microbial components studied in the feeding experiments included heterotrophic nanoflagellates (HNF), phototrophic nanoflagellates (PNF), dinoflagellates, diatoms, and ciliates. For nanoflagellates, 40-100-mL samples were preserved in glutaraldehyde (1% final concentration), filtered onto 2-mm pore size black polycarbonate membrane filters, and stained with 49,6-diamidino-2-phenylindole (5 mg mL 21 final concentration) for 5 min (Porter and Feig 1980) . At least 200 cells were counted by epifluorescence microscopy and classified as auto-or heterotrophic according to their fluorescence for chlorophyll. Fifty cells were sized and converted into carbon using a conversion factor of 0.22 pg C mm 23 (Børsheim and Bratbak 1987) .
To determine the concentration of dinoflagellates, ciliates, and diatoms, 250-mL samples were fixed with 1% acidic Lugol's solution, and allowed to settle for 48 h in 100 mL Utermö hl chambers. The whole chamber for ciliates and dinoflagellates, and at least 40 microscopic fields (or 200 cells) for diatoms, were counted using an inverted microscope (Nikon Diaphot 200) at 2003 magnification. Fifty randomly chosen cells for each group were sized and converted into carbon using the conversion factors of 0.19 and 0.053 pg C mm 23 for oligotrich ciliates (Putt and Stoecker 1989) and tintinnids (Verity and Langdon 1984) , respectively, and the equations of Menden-Deuer and Lessard (2000) for dinoflagellates (pg C Dino cell 21 5 0.760 3 volume 0.819 ) and diatoms (pg C Diat cell 21 5 0.288 3 volume 0.811 ). Because microplankton samples were preserved with acidic Lugol's solution, no distinction between strict heterotrophs and auto-or mixotrophs was made for ciliates and dinoflagellates.
The 1-liter subsamples for the estimation of micrometazoan abundance, biomass, and growth rates during the experiments were concentrated onto a 37-mm sieve and preserved in borax-buffered formaldehyde at 4% (final where t is the duration of incubation (days) and W 1 and W 2 are the initial and final carbon content of the micrometazoans, respectively. Clearance and ingestion rates on each size fraction of Chl a and prey type were calculated using Frost's (1972) equations. We used the average biomass of predators during the incubation to calculated specific feeding rates (except for the September 2005 experiment, where we used the initial biomass values because metazoan final samples were not collected). From the three different metazoan microplankton concentrations used in each feeding experiment (Table 1) , we took into account for further calculations only those that accomplished the following criteria: the grazing was significant, i.e., the prey net growth rates in grazing bottles were significantly lower than in the controls (ANOVA, p , 0.05); and the reduction of food during the incubation was the lowest, always , 40%. The larval densities and experimental conditions of each experiment are shown in Table 1 .
The underestimation of micrometazoan grazing rates on phytoplankton (Chl a) due to trophic interactions was corrected according to Nejstgaard et al. (2001) . Dilution experiments (Landry and Hassett 1982) were conducted simultaneously with the micrometazoan feeding experiments and under similar incubation conditions. The experimental details and results are reported in Calbet et al. (2008) . The correction factor (K p ) for the effects of micrometazoan predation on phytoplankton (total Chl a and Chl a . 10 mm) was derived according to the equations (Nejstgaard et al., 2001) g corr,p~gmetazoan,p zK p ð2Þ
where g corr,p is the corrected micrometazoan grazing coefficient on the prey p; g metazoan,p is the uncorrected micrometazoan grazing coefficient on the prey p calculated according to Frost (1972) ; g protozoan , p is the microzooplankton grazing coefficient on the prey p determined from simultaneous dilution experiments (Calbet et al. 2008) ; C and C* are the average microzooplankton biomass (mg C L 21 ) in the control and grazing bottles, respectively; C 0 is the initial microzooplankton biomass; and C t and C t * are the final concentrations of microzooplankton in the control and in the grazing bottles, respectively. Because no distinction between strict heterotrophs and auto-or mixotrophs was made for microprotozoans, for the application of Nejstgaard et al. (2001) equations we assumed that 50% of the dinoflagellate biomass and 100% of the ciliate biomass was heterotrophic (i.e., grazers). We examined the relationships between ingestion rates and food concentration (functional responses) for each prey type and for total prey. To obtain the functional responses, regression equations were fitted to the data following standard least squares procedures (Sigma plot software 9.0). The trophic effect by the metazoan microzooplankton community for each prey type was calculated as the percentage of biomass of the standing stock grazed daily assuming a homogenous prey and predator distribution in the water column. We calculated the potential trophic effect using the expected ingestion rates at the in situ prey abundance according to the functional responses obtained in this study.
Dissolved oxygen concentration was analyzed by Winkler titration method using a Mettler Toledo DL50 Graphix Titrator to determine the titration endpoint. Oxygen consumption by micrometazoans was determined as the difference between initial and final oxygen concentration after the subtraction of the oxygen consumed in the control bottles. Respiration rates were converted to carbon demands using a respiration coefficient (RQ) of 0.97 (Omori and Ikeda 1984) .
The gross growth efficiency (GGE, i.e., the efficiency by which ingested feed is converted into body weight) was calculated for each experiment as GGE~G=I ð6Þ
the assimilation efficiency (AE, i.e., the percentage of ingested food that is digested) was estimated as
and the net growth efficiency (NGE; i.e., the percentage of assimilated food converted into growth) was calculated as
where G, R, and I are the daily carbon-specific growth, respiration, and ingestion rates, respectively. In addition, GGE was also calculated as the slope of the linear regression relating specific growth rates (d 21 ) vs. specific ingestion rates (d 21 ).
Results
Planktonic community abundance and composition-Micrometazoan abundance ranged from 2 to 33 individuals (ind.) L 21 (equivalent to , 0.13-2.02 mg C L 21 ), with maximum values in summer (Table 3) . During the studied period, copepod nauplii and copepodites were the dominant components of metazoan microplankton, except for April, when polychaete larvae were the most abundant group (Fig. 2) . In general, calanoid copepod nauplii and copepodites dominated in abundance during spring and winter, whereas oithonid nauplii and copepodites were dominant in summer and quite abundant in autumn.
We found highly contrasted situations during the study in terms of plankton biomass and composition. The annual cycle was characterized by the development of two phytoplankton blooms in October 2005 and March 2006, followed by a slow decline over the subsequent samplings (Table 4) . During spring and autumn, . 10-mm phytoplankton contributed to more than 40% of total phytoplankton biomass (chlorophyll), whereas the rest of the Table 3 . Experimental conditions and micrometazoans densities in nature (in situ) and in the feeding experiments (expts). T, temperature; S, salinity; Biom., biomass; Abund., abundance. The experimental densities of micrometazoans correspond to those used for the calculation of feeding rates according to the criteria described in the Methods section. year, but mainly in summer, , 10-mm phytoplankton dominated the community (Table 4) .
Nanoflagellates, mainly composed of flagellates between 2 and 5 mm in size, were the dominant component of the microbial community during most of the year (. 50% of total carbon; Table 4 ). The contribution of diatoms and dinoflagellates to the total biomass was more important during spring and autumn. Ciliate biomass was very variable and ranged from 2% to 38% of the total microbial biomass depending on the year period. Remarkable features of plankton species composition were the blooms of the colonial Phaeocystis sp. in March-April, the ciliate Laboea sp. in April, the chain-forming diatoms Pseudonitzschia sp. and Dactyliosolen fragilissimus in May, and unidentified small dinoflagellates in June.
Feeding rates-The concentration and biomass of metazoan microplankton used in the feeding experiments were generally one order of magnitude higher than the one in situ, except for the months with high Chl a concentration (October and November 2005 and March and April 2006), when they were two to three orders of magnitude higher (Table 1 ). The composition of the metazoan microzooplankton community used in the experiments was quite similar to that of the in situ conditions in spite of the screening process (Fig. 3) .
The initial Chl a concentration in the experiments and the clearance and ingestion rates of Chl a (total and . 10 mm), with and without applying Nejstgaard equations correction, are shown in Fig. 3 . Clearance rates were very variable and, in general, negatively related to Chl a concentration. Negative values of uncorrected clearance and ingestion rates (represented as 0) were observed in January and May 2006 (Fig. 3B,D) . The corrected feeding rates were from 1.01 to 6 times higher than the uncorrected ones (mean 5 2.7) for total Chl a, and between 1 and 2.3 times higher (mean 5 1.2) for Chl a . 10 mm (Fig. 3) . Exceptionally high clearance rates were observed in September 2005 (, 40 and 80 mL mg C 21 d 21 for Chl a total and Chl a . 10 mm, respectively), the rates being generally higher during the summer months. In most of the experiments, the clearance rates of total Chl a did not differ significantly from those of Chl a . 10 mm (ANOVA, p . 0.05), with the exception of some summer experiments (Fig. 3C ). Carbon-specific ingestion rates on chlorophyll were highly variable, ranging from 0 to close to 60 ng Chl mg C 21 d 21 . The maximum ingestion rate was found in March 2006, coinciding with the highest Chl a concentration. The contribution of Chl a . 10 mm to the ingestion was very variable, and ranged from 0% to 66% (mean 5 37%).
The initial total biomass and the relative contributions of the different prey in the feeding experiments are shown in Fig. 4A . Metazoan microplankton fed on all studied prey (Fig. 4B) . The specific clearance rates ranged from less than 1 to more than 80 mL mg C 21 d 21 depending on the feeding experiment and prey type (Fig. 5) . We found significant differences (p , 0.05; ANOVA, Tukey test) for some prey types within each experiment. Although in some cases more than one prey was cleared at maximal rates, the highest clearance rates were observed mainly on ciliates and HNF (Fig. 5 ). Specific ingestion rates varied from , 0.3 to more than 1.2 d 21 (Fig. 4B) . Although during summer nanoflagellates were an important part of the diet, diatoms and dinoflagellates were the main component during the rest of the experiments. Ciliates contributed to a small fraction of the diet (, 10%), except in the April 2006 experiment, when they contributed more than 30% to the diet (Fig. 4B) . In most of the experiments we observed a positive correlation between prey abundance and their relative contribution to the micrometazoan diet (r 2 5 0.51-0.99, depending on the experiments).
Functional responses-The relationship between ingestion rates and food concentration for total Chl a, Chl a . 10 mm, diatoms, dinoflagellates, and total prey was well described by the type II functional response model (Fig. 6) . On the contrary, the pattern of ingestion rates of HNF and PHF seemed to be unrelated to food concentration (Fig. 6C,D) . The relationships between ingestion rates of ciliates and their concentration appeared to be adequately described by linear regression, without any apparent saturation threshold within the concentrations of the study (Fig. 6E) . According to the obtained functional responses, the maximum carbon-specific ingestion rates of chlorophyll were 81 and 74 ng Chl mg C 21 d 21 for total Chl a and Chl a . 10, respectively (Fig. 6A,B) . Considering total prey, the maximum specific ingestion rate was 1.09 d 21 and feeding saturation was reached at , 280 mg C L 21 (Fig. 6H) .
Trophic effect-The potential grazing pressure of metazoan microplankton for each prey type, as percentage of the standing stock removed daily, is shown in Table 5 . The mean grazing effect of metazoan microplankton was , 1% for Chl a (total and . 10 mm) of standing stocks, with values ranging from 0.1% to 1.7% for total Chl a and from 0.1% to 0.9% for Chl a . 10 mm. The trophic effect on the standing stocks of nanoflagellates, ciliates, dinoflagellates, and diatoms varied from 0% to 6.1% and was generally , 4% (Table 5 ).
Carbon budget: growth, respiration, and growth efficiencies-Specific growth rates of the main components of the metazoan microplankton community are shown in Table 6 . Specific growth rates of copepod nauplii and copepodites ranged from 0.01 to 0.49 d 21 and from 0.03 to 0.38 d 21 , respectively (Table 6 ). Meroplanktonic larvae showed specific growth rates significantly lower than nauplii and copepodites (two-way ANOVA, Tukey test, p , 0.05; Table 6 ). Specific growth rates of total metazoan microzooplankton community ranged from 0.02 to 0.40 d 21 depending on the experiment (Table 7) . Growth rates followed a saturation curve model as a function of prey concentration (Fig. 7) , although the model is mostly driven by the very high values. The GGEs, calculated specifically for each experiment, were very variable and ranged from 0.06 to 0.38 (Table 7) . GGE calculated as the slope of the linear regression relating carbon-specific growth rates with carbon-specific ingestion rates were 0.27 when all growth data were considered (Fig. 8A) and 0.39 when only growth rates of experiments dominated by copepod larvae were included (Fig. 8B) . Respiration rates ranged from 0.25 to 0.72 mL O 2 mg C 21 d 21 and increased exponentially with temperature (Fig. 9 ). These respiration rates were equivalent to respiratory carbon losses of 0.16 and 0.36 d 21 , respectively (Table 7 ). The Q 10 value for the experimental temperature range (13-24.4uC) was 2.0. In August 2006, specific respiration rates exceeded ingestion rates and efficiencies were not calculated (Table 7) . Assimilation efficiencies varied from 0.39 to 0.87, with the higher values corresponding to higher temperatures (May and September 2006). NGE was quite similar for all experiments, with a mean value of 0.41 (Table 7) .
Discussion
Metazoan microplankton abundance and community composition-Copepod developmental stages were the dominant group of micrometazoans in agreement with previous studies in most marine environments (Hopcroft et al. 2001) . The densities for the whole micrometazoan community was in the same range reported for oligo-and mesotrophic waters (Calbet et al. 2001 ), but lower than in more productive areas (Lučić et al. 2003) . During our study, the abundance of copepod nauplii and copepodites was not related to the phytoplankton blooms as observed in previous studies for mesozooplankton (Calbet et al. 1996) . Conversely, polychaete larvae peaked during the spring phytoplankton bloom, confirming the link between phytoplankton blooms and the appearance of some meroplanktonic larvae (Starr et al. 1990 ). For some benthic species, phytoplankton blooms act as direct inductors of the release of gametes or larvae by either direct contact (settlement of phytoplankton particles) or chemical triggering (Starr et al. 1990 ). Hence, besides other factors (e.g., temperature, predation), this benthic-pelagic coupling can drive the patterns of some meroplanktonic larvae in coastal waters.
Feeding rates-Clearance and ingestion rates of zooplankton depend on many factors, such as body size, food concentration, prey size, food quality, and temperature (Berggreen et al. 1988; Almeda et al. 2009 Almeda et al. , 2010b . Carbonspecific clearance and ingestion rates observed in this study were in the range reported in the literature for metazoan microplankton at similar food concentrations and temperatures (Uitto 1996; Roman and Gauzens 1997; Calbet et al. 2009 ) and for copepod nauplii in laboratory studies (Berggreen et al. 1988; Henriksen et al. 2007; Almeda et al. 2010b) . It is important to note that feeding rates could be affected by several potential sources of bias. For instance, bottle effects and crowding (Peters and Downing 1984) and the lack of turbulence during the incubations may result in lower feeding rates than under natural conditions (Saiz et al. 2003) . Nevertheless, predator biomass used in the feeding experiments was in the range commonly used in incubation experiments with larger zooplankton (Nejstgaard et al. 2001; Broglio et al. 2004 ) Another source of error could be inclusion of all nauplii stages as predators for the calculation of feeding rates, because some calanoid nauplii start feeding at naupliar stage II or III (Landry 1975) .
The specific ingestion rates of metazoan microplankton are expected to be higher than those of mesozooplankton because commonly smaller organisms exhibit higher specific feeding rates than larger ones . However, in field conditions, previous studies report both higher (White and Roman 1992; Roman and Gauzens 1997) and similar or lower (Ló pez et al. 2007; Calbet et al. 2009 ) specific ingestion rates of metazoan microzooplankton as compared to mesozooplankton at similar temperature. Aside from body size and temperature, this variability may be caused by the influence of other factors on the ingestion rates of metazoans, such as taxonomic composition (Henriksen et al. 2007; Almeda et al. 2010b ) and food availability Calbet 2007, 2010) .
Diet composition-Metazooplankton, including planktonic developmental stages, feed as omnivores, ingesting a variety of autotrophic, heterotrophic, and detrital food sources (Kleppel et al. 1988; Turner 2004) . As occurs for mesozooplankton (Broglio et al. 2004) , metazoan microplankton exhibited a diverse diet composition and were able to switch between a preferably herbivorous diet to an omnivorous one in response to the seasonal variation of the available food items. The ability to use different food sources (opportunistic feeders) may enhance the probability of obtaining a nutritionally complete ration in variable, dilute food environments (Kleppel 1993) , thus increasing the probability of the success of the population. It is important to note that other food resources not considered in this study (e.g., picoplankton, detritus) may also contribute to the diet of metazoan microzooplankton. However, although some copepod nauplii and meroplanktonic larvae have been reported to feed upon bacteria (Turner and Tester 1992) , other studies demonstrated that free bacterioplankton is too small to be efficiently ingested by most copepod developmental stages (Uye and Kasahara 1983; Berggreen et al. 1988) .
The composition of the diet may depend on the taxonomic composition of the micrometazoan community. As example, some ambush feeders, such as Oithona species, including their naupliar stages, fed only on motile prey, whereas many calanoid copepod species are suspension feeders and can feed on a larger variety of prey (Henriksen et al. 2007) . Although for some copepod nauplii their feeding niche coincides with that of adult stages (Conover 1982) , copepod nauplii and meroplanktonic larvae usually not only exhibit different food size spectra than mesozooplankton (Turner and Roff 1993) but also have a different diet and feeding selectivity (Poulet 1977) . The dietary differences between the different copepod developmental stages would represent an advantage when food is scarce because they reduce intraspecific competition. According to the obtained data, metazoan microplankton exhibit high clearance rates on small nanoplankton (, 2-5 mm), a size fraction in which most mesozooplankton feed inefficiently (Berggreen et al. 1988) , with some exceptions like tunicates and cladocerans (Atienza et al. 2006a) . By feeding on particles smaller than those edible by mesozooplankton, micrometazoans drive microbial food web energy, usually unavailable to larger metazoans, into the classical food web, either by natural growth into larger stages and/or through their subsequent ingestion by animals at higher trophic levels (Hopcroft et al. 2001) .
Our results showed that ciliates and HNF are frequent components in the micrometazoan diet, corroborating the relevance of the heterotrophic link between the microbial food webs and the classical food chain (Calbet and Saiz 2005; Saiz and Calbet in press) . Protozoans are considered more nutritious and richer in nitrogen-containing compounds than diatoms, and also they are a source of essential lipids, not always available in phytoplankton, for Table 6 . Carbon-specific growth rates (G, d 21 6 SE) of the main groups of metazoan microplankton in the feeding experiments. Average carbon content (W, ng C ind 21 ) during the incubation (stated as geometric mean between the initial and final carbon content) is also provided.
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Copepod nauplii
Copepodites Meroplankton Table 7 . Carbon-specific growth rates (G), carbon-specific ingestion rates (I), carbon-specific respiration rates (R), GGE, AE, and NGE of metazoan microzooplankton in the different experiments along a seasonal cycle. Expts, experiments. metazoans (Stoecker and Capuzzo 1990 ; but see Broglio et al. 2004) . Hence, although the biomass contribution of protozoans to the diet may be very variable (Saiz and Calbet in press) , protozoans may be qualitatively important in the metazoan microzooplankton diet because they are able to fill the nutritional deficit created by feeding solely on phytoplankton (Kleppel 1993) .
Functional responses-The functional responses observed in this study should be considered cautiously because of the scarcity of data at high food concentrations. The saturating food concentration (food concentration required for achieving the maximal specific ingestion rate), when total prey concentration is considered, was quite similar to that observed for copepod nauplii in temperate coastal waters when feeding on phytoplankton (, 240 mg C L 21 ; Ló pez et al. 2007) and for Oithona davisae nauplii and copepodites feeding on optimal prey (200-320 mg C L 21 ; Almeda et al. 2010b) . However, the saturating food concentrations reported for calanoid developmental stages in laboratory experiments are usually higher than those observed here ($ 500 mg C L 21 ; Berggreen et al. 1988) . The in situ food concentrations during our study period (Table 3) would be insufficient to support the maximum ingestion rates of metazoan microplankton found in the feeding experiments (Fig. 6H) . The maximum specific ingestion rates observed in this study were lower than those commonly found for calanoid nauplii in the laboratory but close to those reported for Oithona spp. Almeda et al. 2010b ). These observations suggest that micrometazoans are frequently food limited in nature, but the degree of food limitation depends on taxonomic composition.
Growth, respiration, and carbon budget-Specific growth rates of metazoan microplankton found in this study were in the range reported for copepod developmental stages and meroplanktonic larvae under different food concentration and temperature regimes (Almeda et al. 2009 (Almeda et al. , 2010a . Similar to the ingestion rates, the in situ food concentrations during our study (Table 4) would be insufficient to support the maximum growth rates observed in the incubation experiments (Fig. 7) , suggesting foodlimited growth of micrometazoans in nature. Specific growth rates of metazoan microplankton were higher than those commonly reported for mesozooplankton (copepods) by the egg production method in Mediterranean waters ). Therefore, ignoring micrometazoan growth may result in an underestimation of secondary production particularly in oligo-mesotrophic systems. Carbon-specific respiration rates (d 21 ) were similar to those observed for copepod nauplii in the laboratory (Kö ster et al. 2008; Almeda et al. in press) . As expected, temperature positively affected respiration rates and the observed Q 10 value was similar to that reported for calanoid copepods (1.8-2.1; review in Ikeda et al. 2001 ). The carbon-specific ingestion rates were enough to compensate for the carbon respiratory losses of micrometazoans during all experiments, except in August 2006 (Table 7 ). The GGE of metazoan microplankton changed according to food availability, temperature, and metazoan composition, in agreement with previous reports of laboratory experiments with copepod nauplii and meroplanktonic larvae (Almeda et al. 2009 (Almeda et al. , 2010b . Nevertheless, the general GGE of metazoan microplankton, as estimated by the slope of the regression equation relating specific ingestion rates vs. specific growth rates, was quite similar to the values reported for copepods and mesozooplankton in general (0.35; Mullin and Brooks 1970) but slightly higher than observed for Oithona (0.21; Almeda et al. 2010b ) and the median values reported by Straile (1997) for copepods (0.22). Hence, although the GGE of metazooplankton may range between 0.20 and 0.40 depending on the species and stage composition, our results support than an average value of 0.30 may be assumed for detailing the carbon flow through metazooplankton in marine planktonic food webs.
The AE of metazooplankton commonly ranges from 10% to close to 100%, depending on the species, development stage, food quality, and food concentration (Conover 1978) . The AEs found in our study were in the range expected for metazooplankton feeding in an omnivorous diet (Conover 1966) . Previous studies had reported that NGEs of zooplankton increase with increasing temperature (Ikeda et al. 2001 ) and food concentration (Vidal 1980 ). However, we found an almost constant NGE kept despite the differences in temperature and food availability. A possible explanation would be a similar dependence on temperature and food availability of the different physiological processes, resulting in a similar allocation of assimilated materials. Similar results have been found in laboratory studies with O. davisae nauplii (Almeda et al. in press ). The NGE found in this study were in the range of the common values reported for adult copepods (0.29-0.61, Conover 1978; 0.21-0.54, Ikeda et al. 2001) , indicating that metazoan microplankton exhibit similar food conversion efficiency as compared to mesozooplankton (copepods) and an equivalent carbon transfer efficiency to higher trophic levels.
Potential trophic effect of metazoan microplankton on food web structure-The degree to which zooplankton predation may regulate population of primary producers is still a subject of debate. Some studies had reported that phytoplankton can be controlled by the metazooplankton grazing (Roman and Gauzens 1997) , whereas others indicate metazoans exert little grazing pressure on phytoplankton (, 5%; Broglio et al. 2004; Atienza et al. 2006b ). However, most of these studies excluded the micrometazoans and consequently underestimated the trophic effect by metazooplankton. The scarce studies including micrometazoans show a wide range of grazing effects, from low (0.3-10%; Roman and Gauzens 1997; Calbet et al. 2009 ) to high values (e.g., 23-54%, White and Roman 1992; Lonsdale et al. 1996) . In our study, the inclusion of metazoan microplankton in the metazooplankton grazing doubled the trophic effect considering only the mesozooplankton community according to previous studies in the same area (Broglio et al. 2004 ). However, even including the micrometazoans, the grazing pressure by metazooplankton was low in terms of reduction of standing stock of phytoplankton (, 5%). On the other hand, the trophic effect by the entire microzooplankton community ranged from 9% to 97% for total Chl a and from 0% to 130% for Chl a . 10 mm according to the dilution experiments conducted simultaneously with the present study (Calbet et al. 2008; Fig. 10) . Therefore, the contribution of micrometazoans to the total grazing on phytoplankton is quite low, and very likely protists must be the main organisms responsible for the predatory pressure on primary producers in Mediterranean coastal waters, at least during some seasons (Fig. 10) . Some studies suggest that the effects of micrometazoans grazing on phytoplankton may be mediated mostly by their control of microzooplankton populations (Fessenden and Cowles 1994) . However, our results indicate that their grazing pressure on protozoans appeared to be modest in agreement with other previous studies for mesozooplankton (Broglio et al. 2004) . The low effect of micrometazoans as compared to protozoans may be due to both their lower biomass in the field (one or two orders of magnitude in this study) and the lower specific ingestion rates (Jacobson and Anderson 1993) . It is important to note that these estimations are based on the assumption of homogenous distribution of predator and prey in the water column, whereas patchiness in the distribution may results in higher effects. This is the case of the study area during summer, when metazoan microplankton are concentrated at the surface, reaching concentrations of approximately 150 ind. L 21 (R. Almeda unpubl.). Therefore, considering this concentration, the trophic effect in this water layer would be , 6.2% on total Chl a, , 10% on HNF, and , 15% for ciliates and dinoflagellates. Although these grazing effects are rather low or moderate in terms of reduction of the standing stock, they are not irrelevant in terms of production. Hence, detailed information on the fine-scale vertical distribution is required to accurately interpret the trophic role of metazoans. In summary, although the trophic effect of metazoan microzooplankton might be occasionally high, it seems insufficient to control either phytoplankton or protozoan standing stock in NW Mediterranean coastal waters. Fig. 10 . Contribution of protozoans and micrometazoans to the trophic effect on Chl a total and . 10 mm. Trophic effect was estimated as percentage of the chlorophyll standing stock removed by grazing daily (% d 21 ). Dilution experiments were conducted simultaneously to the micrometazoan feeding experiments and under similar incubation conditions.
